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Transcription factor, chromatin, chimpanzee, human, induced pluripotent stem cells, footprinting 37 38 39 similar to those seen in human cells than to expression levels of their murine orthologues in the 71 same cell. This finding argues strongly for a regulatory environment that is driven by DNA 72 sequence rather than the nuclear environment [39] . Similarly, research in Drosophila has shown 73 that changes in chromatin accessibility can be associated with changes in TF binding activity 74 [40] , and that chromatin accessibility and of TF binding sites can be used to predict gene 75 expression divergence [41] . 76
However, these previous studies have focused on only a handful of TFs, chosen because 77 of their functional importance, rather than perform a general survey of the regulatory landscape. 78
Direct high-throughput measurements of binding activity (using ChIP-seq, for example) across a 79 representative suite of TFs in multiple samples -be they drawn from different tissues, 80 individuals, or species -remain rare. In spite of recent technological advances, the need for 81 validated antibodies, and/or large amounts of starting material often makes generating these data 82 sets prohibitively expensive both in terms of labour and cost. An alternative popular approach, 83 footprinting, combines chromatin accessibility data (originally in the form of DNaseI cleavage) 84 with knowledge of a TF's preferred binding sequence to predict whether a given site in the 85 genome is bound or not [42] . 86 data quality (see methods for more details and additional relevant QC analysis), which impacts 132 certain downstream analyses as we discuss below. 133
To consider the ATAC-seq data alongside corresponding gene expression measurements, 134 we re-analysed previously published RNA-sequencing data from the same cell lines [44] , and 135 mapped reads to an updated reference orthologous transcriptome (see methods and [21] ). We 136 detected the expression of 12,674 genes at log 2 CPM >= 1 in at least half the individuals from 137 one species, yet we were able to confidently identify an orthologous TSS for only 4,210 (33%) of 138 these genes. This is due to our stringent definition of orthologous TSS, but the alternative is to 139 introduce a strong bias towards regions with better mappability in humans than chimpanzees, 140 which would impact our ability to detect genuine interspecies differences in chromatin 141 accessibility. Of the expressed genes for which we can identify an orthologous TSS with 142 confidence, 3,150 (75.0%) were genes whose orthologous TSS was part of the 'highly accessible' 143 group defined above, a significant excess (hypergeometric P < 10 -16 ) that supports this subset as 144 being enriched for true biological signal (figure 1b). 145
Levels of accessibility at an orthologous TSS and the expression levels of the 146 corresponding gene within an individual are weakly correlated (with Spearman's ρ ranging 147 between 0.05 for line Hutt60 to 0.17 for line H20961; P < 7*10 -4 for all individuals). The 148 association improves somewhat if we only consider the 3,150 expressed genes with an 149 orthologous TSS within the 'highly accessible' subset, but still remains modest: ρ ranges from 150 0.08 (line Hutt60; P = 2.6*10 -6 ) to 0.25 (line C8861G; P = 1.7*10 -46 ). This observation suggests 151 that chromatin accessibility acts in a somewhat coarse fashion -remodelling is necessary to 152 allow for transcription to occur, but the fine-tuning of expression levels likely occurs through 153 additional mechanisms. 154
Bearing this in mind, we tested the 5,675 'highly accessible' orthologous TSS (regardless of 155 whether these TSS were associated with an expressed gene) for inter-species differences in 156 accessibility, using an identical framework to that which we have previously used to detect 7 64.5% of cases the inter-species direction of the effect is as expected, with the effect size sign 163 being the same in in both the chromatin accessibility and gene expression data sets (figure 2b). 164
The 1,598 genes associated with orthologous TSS that are differentially accessible 165 between species are enriched for five Gene Ontology Biological Process [47] terms,GO0007275: 166 multicellular organismal development, GO0048731: system development, GO0044767: single-167 organism developmental process, GO0032502: developmental process and GO0060429: 168 epithelium development (FDR = 10%). These enrichments are driven by a largely overlapping 169 set of 398 genes, 294 of which are detectably expressed in at least one species, and 90 of which 170 are differentially expressed between the two species (figure 2c; a full list is provided as 171 supplementary table 5). 172 Interestingly, 104 of the genes associated with the orthologous TSS driving our GO results 173 are not detected as expressed in iPSCs from either species. In order to understand the factors 174 driving this observation, we asked whether these 104 regions might be playing a role in 175 establishing gene expression patterns following exit from the pluripotent state [48] . To do so, we 176 considered our data in combination with information on bivalent chromatin regions 177 ("10_TssBiv", "11_BivFlkn" and "12_EnhBiv") identified in human embryonic stem cell line H1 178 as part of the Roadmap Epigenomics Project [49] . We found that 83 of these 104 orthologous 179 TSS overlap at least one bivalent region in the Roadmap Epigenomics data, a far higher fraction 180 than expected by chance alone (hypergeometric P < 10 -26 ), as well as a high fraction compared to 181 the overlap of bivalent regions with orthologous TSS associated with genes expressed in at least 182 one species (75 out of 292; P = 0.97) or with TSS associated with differentially expressed genes 183 (30 out of 90; P = 0.26). Indeed, the 104 genes associated with these TSS include multiple We began by assessing the validity of our approach by comparing our binding predictions 202 with all publicly released ENCODE [55] TF ChIP-seq data from the human embryonic stem cell 203 line H1 (n = 28) and the human induced pluripotent stem cell line GM23338 (n = 5). Although 204 recall and precision vary widely for different PWMs, we found that binding predictions from 205 msCentipede often recapitulate findings for well-characterised PWMs and TFs (figure 3; 206 additional details are available in supplementary table 6). For instance, ENCODE data contains 207 three independent CTCF ChIP-seq experiments, one performed on H1 hESCs and two on 208 GM23338 hiPSCs. On average, 25.1% of genome-wide CTCF MPBS in our data overlap 209 ENCODE CTCF ChIP-seq peaks across at least one of the three experiments. When we 210 considered only those sites msCentipede predicts to be bound in our human iPSCs, 73.7% 211 overlap an ENCODE CTCF ChIP-seq peak, and 98.3% when we only considered bound MPBS 212 with a PWM score ≥ 12 (a widely-accepted threshold for high quality MPBS). We found similar 213 concordance when we considered MPBS for REST (also known as NRSF), NRF1, YY1 and 214 GABPA amongst others. 215
Having validated our approach, we turned our attention to a comparison of MPBS across 216 species. Across all PWMs, an average of 16.9% of sites are classified as bound (see methods) in 217 humans, although values range from 0.7% to 97.3% for specific PWMs. In chimpanzee, an 218 average of 9.5% of sites per PWM are classified as bound, ranging from 0.4% to 98.3%. The 219 inter-species overall difference in binding can be explained by the lower read coverage in our 220 chimpanzee samples, as discussed above (and in more detail in the methods). Reassuringly, an 221 average of 85.5% of sites predicted to be bound in chimpanzees are also bound in humans (figure biologically meaningful but rather driven by technical differences, although we discuss some 224 exceptions below. 225
We limited our next analysis to the subset of motifs with a PWM score ≥ 12 (n = 906,612 226 across 173 PWMs). We found that, on average, 23.3% of sites are classified as bound in humans 227 and 13.0% in chimpanzees. Of sites bound in chimpanzees, of 86.6% are also classified as bound 228 in humans (figure 4b). We observed that predicted binding events do not occur randomly 229 throughout the genome. When we classified binding sites by their distances to the nearest 230 orthologous TSS, we found that binding significantly increases in frequency as distance to an 231 orthologous TSS decreases (P < 1*10 -16 ; figure 4c ). The concordance between human and 232 chimpanzee results also increases for binding sites that are closer to the TSS. Interestingly, this 233 observation is consistent across the vast majority of PWMs; the only exceptions are the PWMs 234 associated with ERF and OTX2 in both species, PBX1 in humans only, and HINFP, TCF7L2 and 235 NR3C2 in chimpanzees only (supplementary figure 4). Of these six TFs, HINFP and TCF7L2 236 are differentially expressed between humans and chimpanzees; ERF is differentially accessible 237 between the two species. However, all six PWMs are associated with small numbers of high 238 quality MPBS (under 600 in all cases, as low as 32 in the case of HINFP), which may impact the 239 predictive accuracy of msCentipede in these cases. 240 241
Unique binding patterns across species 242
There are multiple instances of predicted species-specific TF binding activity in our data. 243
We explored possible mechanisms for divergence in TF binding by considering four scenarios: 1. 244 trans-acting interspecies differences in the TF itself, possibly indicative of a change in motif 245 preference, summarised by dN/dS values; 2. differences in the expression levels of the TF that 246 binds the motif, also suggestive of trans-acting change; 3. differences in chromatin accessibility 247 at MPBS, which can be tested by asking whether there is an excess of chimpanzee-unique 248 binding events in regions differentially accessible between the species; and 4. cis-acting 249 sequence turnover in the MPBS. To test this last possibility, we defined a simple metric, ∆ PWM 250 score, which is the difference at each MPBS between the PWM score in humans and 251 chimpanzees.
∆ PWM score between human and chimpanzee is associated with inter-species differences in TF 255 binding, broadly suggesting that many predicted binding differences are due to cis-acting 256 mechanisms. Sites inferred to be bound only in chimpanzees have, on average, a higher PWM 257 score in chimpanzees than in humans, and vice versa (figure 5a). While the distribution of the 258 ∆ PWM score metric for sites bound in both species is centred at 0.002 (n = 146,554), the ∆ PWM 259 distribution for sites bound only in chimpanzee or only in human are clearly skewed (mean 260 ∆ PWM score for sites bound only in humans = 0.25; n = 107,784; P < 10 -16 ; for sites bound only 261 in chimpanzees = -0.29; n = 14,803; P < 10 -16 ). 262
We then focused on chimpanzee-specific binding events, as we expect these to more 263 likely be true positive unique events (in contrast to the human-specific events, many of which are 264 likely to be missing from chimpanzee due to technical reasons, as previously discussed). We 265 asked whether chimpanzee-specific binding events around orthologous TSSs can be associated 266 with differences in corresponding gene expression levels or chromatin accessibility. We 267 considered all orthologous TSS (± 5kb) with a least one predicted high-quality chimpanzee-268 binding event (but not necessarily chimpanzee-specific) and with matched accessibility (n = 269 3,870) or expression (n = 2,981) data. We found a weak but significant correlation (Pearson's R = 270 0.06; P = 2.0*10 -4 ) between interspecies differences in accessibility around orthologous TSS and 271 the number of chimpanzee-specific binding events in the region. The magnitude of these 272 differences is small: the mean number of chimpanzee-specific binding events for orthologous 273 TSS that are not differentially accessible (DA) is 0.57 (n = 3,326), 0.83 for all DA orthologous 274 TSS (n = 544), and 1.42 for DA orthologous TSS with an absolute log 2 fold change in 275 accessibility ≥ 2 (n = 19). We also found a weak correlation (Pearson's R = 0.05, P = 0.01) 276 between interspecies gene expression effect size (absolute log 2 fold change) and the number of 277 chimpanzee-specific binding events occurring within 5kb of the corresponding orthologous TSS. 278
Again, the size of this effect is small: the mean number of chimpanzee-specific binding events 279 for non-DE genes is 0.44 (n = 2,043), 0.53 for all DE genes (n = 938), and 1.03 for DE genes 280 with an absolute log 2 fold change ≥ 2 (n = 62). 281
We asked whether any PWM is associated with a systematic excess or deficit of species-282 specific binding genome-wide, which could suggest broad regulatory network rewiring and 283 turnover. Again we focused on chimpanzee-specific excesses, and considered 109 PWMs with at 284 least 100 predicted binding events in chimpanzees at high quality MPBS. We found 6 PWMs 285 that exhibit chimpanzee-specific binding at levels more than 2 standard deviations away from the 286 mean, associated with the TFs BARX1, CPEB1, FOXO1, PAX7, POU6F1 and ZFHX3 (figure 287 5b). These PWMs are ranked as class D by HOCOMOCO, suggestive of poor predictive value, 288 with the exception of FOXO1, which is class C (see methods for more details). We did not find 289 any PWMs that exhibit excessive human-specific binding. However, if we simply rank PWMs 290 by their amount of human-specific binding we found that, with the exception of FOXO1, the 291 same PWMs as above are amongst those with the greatest amount of specific binding in humans 292 (figure 5b) potentially suggesting that these PWM generally evolve rapidly in the two species, or, 293 alternatively, that in these cases the PWM does not capture the full scope of binding activity. 294
Of the 6 TFs associated with these PWMs, 3 are differentially expressed between human 295 and chimpanzee iPSCs - Finally, we focused on PWMs associated with TFs with key roles in maintaining the 305 pluripotent state. The TFs OCT4 (also known as POU5F1), SOX2 and NANOG sit atop the gene We also considered a larger set of 15 master pluripotency regulators drawn from the 317 literature (specifically, from [56, 59, 60]). In this case, we found only few instances of 318 chimpanzee-specific binding, suggesting overall high conservation of pluripotency pathways 319 between the two species (mean fraction of chimpanzee-specific binding = 4.6% at high-quality 320 sites, 4.9% across all sites; figure 6 ). This result is consistent with our previous observation that 321 master pluripotency regulators are generally not differentially expressed between iPSCs from the 322 two species [44] . 323 binding landscapes in human and chimpanzee iPSCs. As might be expected given that we chose 330 to use a cell type that mimics very early embryonic development, overall we observed high 331 conservation of chromatin accessibility and TF binding in the two species. We found relatively 332 few instances of interspecies regulatory differences that can be associated to downstream 333 differences in expression. Taken together, our results consistently suggest that the pluripotency 334 gene regulatory network is highly conserved between humans and chimpanzees -and seems 335 highly robust to those interspecies differences we do observe. Indeed, there was little evidence to 336 suggest that differences in chromatin architecture impact the pluripotency gene regulatory 337 network that helps maintain cell identity. Much higher regulatory divergence is typically 338 observed in differentiated tissues or cell types [21, 34] and indeed, we have also observed inter-339 species differences in chromatin accessibility near genes implicated in early developmental 340 processes, such as embryonic patterning. The systematic difference in chromatin accessibility 341 amongst bivalently modified genes known to be implicated in embryonic patterning is intriguing 342 and, in our mind, worthy of further investigation. 343
We performed an in-depth examination of the potential of footprinting to infer genome-344 wide TF binding activity across scores of TFs simultaneously, using publicly available PWM 345 datasets. There are variable levels of concordance between our binding predictions and 346 ENCODE ChIP-seq data. While some of this discordance is attributable to technical artefacts, our data are in line with previous observations that PWMs do not always fully capture the 348 binding behaviours of particular TFs [61] . In spite of this caveat, our results suggest that much of 349 the binding activity is conserved between human and chimpanzees across the vast majority of 350 PWMs we tested. This finding recapitulates a study of early development between the closely 351 related Drosophila melanogaster and Drosophila yakuba, which found that these species shared 352 between 85-98% of TFBS across six developmental regulators [62] . 353
When considered at the scale of entire gene regulatory networks, we found strong 354 evidence of redundancy in TF binding activity [36] . We recapitulated the observation that cis-355 acting turnover at possible binding sites is the main driver of divergence in binding activity [38] , 356 more than other possible forces such as trans-acting evolutionary divergence at the TF itself, or 357 differences in TF expression levels. Indeed, the majority of the differences we identified, both in 358 chromatin accessibility and TF binding, appear to be cis-acting. It has been proposed that cis-359 acting changes are more likely than trans-acting changes to drive evolutionary change, given the 360 decreased likelihood that they will give rise to harmful pleiotropic effects, especially during 361 development [2, 63]. 362
We have previously characterised interspecies differences in human and chimpanzee 363 iPSCs across a suite of regulatory mechanisms -DNA methylation, H3K27ac, H3K27me3 [44], 364 transposable element activity [64] and now, chromatin accessibility and TF binding activity. 365
Though it is difficult to compare divergence across different mechanisms given the multitude of 366 approaches used to collect the data, it seems reasonably safe to state that divergence in all of the 367 regulatory mechanisms we studied is consistently of lesser magnitude than the inter-species 368 changes we observed in gene expression levels. It is unlikely that this is due to consistently 369 worse resolution across this suite of assays than in RNA-seq. Even at the level of RNA-seq, we 370 observed very little intra-specific variation in iPSCs relative to that seen in other somatic tissues, 371 which lead to a dramatic increase in statistical power to identify differential gene expression 372 between the two species [44]. Thus it might be the case that the pluripotent state is subject to 373 much stronger evolutionary constraint than terminally differentiated downstream cell types. 374 375 376
Data collection and sequencing 379
We generated ATAC-seq libraries from 6 previously described chimpanzee iPSC lines 380 and 6 previously described human iPSC lines [44] . All lines were cultured under feeder free 381 conditions on hESC-grade Matrigel (Corning) and Essential 8 (Gibco) media as previously 382 described. Paired end ATAC-seq libraries were generated as in [43] with a single exception: we 383 collected 200,000 cells per pellet rather than the 50,000 described in the original protocol, solely 384 because this made the pellet visible to the naked eye. Additionally, we collected two pellets at 385 the same time for each cell line in case library preparations failed. Sample collection and library 386 preparation were randomised with respect to species at all times. All libraries were multiplexed 387 together and sequenced to an average depth of roughly 252 million reads across 3 flow cells of 388 an Illumina HiSeq 2500; more details of the sequencing output are available in supplementary 389 table 1. 390 391
Read mapping, QC, and definition of high-confidence orthologous regions 392
To compare patterns of chromatin accessibility and TF binding between species we 393 subjected all reads to a series of stringent QC and filtering steps. First, we mapped all reads 394 independently to either the human (hg19) or chimpanzee (panTro 2.1.3) genomes using BWA 395 0.7.9a-r786 [65], allowing a maximum of two mismatches per read and a maximum fragment 396 size of 5000 base pairs for paired-end mates. Reads with mapping quality < 30, unmapped reads, 397 multi-mapping reads and reads that mapped outside the autosomes and X chromosome were 398 discarded. We also discarded all reads that mapped to mitochondrial DNA for the main analyses 399 reported in the text (but see below). Next, we identified and removed reads produced by PCR 400 duplicates with Picard Tools (version 1.129; http://broadinstitute.github.io/picard/). The number 401 of reads retained at each step is summarised in supplementary table 1. 402
Additionally, to control for differences in genome assembly quality, and to ensure fair 403 comparisons between the two species, we retained only those reads that fell within a defined set 404 of windows with high orthology between human and chimpanzee. The list of windows was 405 generated by first retrieving the hg19toPanTro3 liftOver chain file from the UCSC Genome 406 Browser [66], and using the regions that are part of the chain to generate non-overlapping 100 bp 407 windows, for a total of 27.2 million 100bp windows. We then used liftOver [67] to test whether 408 each of these windows could be lifted over to a single site in the chimpanzee genome, and from 409 there back to its original location in the human genome, allowing for a maximum 20% change in 410 size during each lift over process. Windows that failed either of these steps were discarded. In 411 parallel, we calculated the uniqueness of every 50-mer in the chimpanzee and human genomes 412 using the GEM suite [68] . Windows where greater than 20% of the 50-mers in either species 413 were not uniquely mappable in their respective genomes, were removed from further analysis. In 414 total, we retained ~17.6 million 100-bp high-quality windows for downstream analyses. 
Identification of fragmentation biases 444
As crude indicators of quality of the ATAC-seq data, we examined the fragment size 445 distribution of each library. Although libraries were prepared randomly with regards to species, 446 there is a clear and consistent difference in fragmentation patterns between the two species, with 447 chimpanzee libraries exhibiting an excess of short fragments (<100bp) originating in the 448 nucleosome-free region relative to humans. It is unclear whether this reflects a biological or 449 technical confounder, but to better quantify it we defined a series of ad hoc metrics and tallied 450 the number of read pairs with fragment sizes between 50-59 bp, 100-109 bp, 150-159 bp and 451 190-199 bp, as well as the ratios between these measurements, and tested for associations 452 between these measurements and all principal components in the data. In the orthologous TSS 453 data, PC1 is strongly associated with the ratio of fragments 50-59 bp long to those 100-109 bp 454 long (henceforth ratio 50/100, P = 1.7*10 -4 , all values are available in supplementary table 2) and 455 50-59 bp to 150-159 bp (henceforth ratio 50/150, P = 3.4*10 -5 ), and PC2 is additionally 456 associated with the ratio of reads mapping to orthologous TSS vs reads mapping to orthologous 457 background regions (P = 3.7*10 -4 ), which may be an indicator of data noisiness. No PCs are 458 associated with overall sequencing depth. When we consider the 5,675 'highly accessible' regions 459 the association with fragmentation bias, although diminished, remains significant (ratio 50/100 460 PC1 P = 4.2*10 -4 , ratio 50/150 PC1 P = 0.04). 461
We note that cell lines were cultured together by the same individual (IGR), and 462 randomised at all times relative to species to prevent the introduction of technical biases 463 associated with our variable of interest. It is possible that this difference in fragmentation 464 patterns is driven by increased sensitivity of chimpanzee iPSCs to the lysis buffers used in 465 ATAC-seq, or by slightly different responses to our restrictive cell culture conditions. We have 466 systematically elected to be conservative when interpreting our results, although in light of our 467 thorough quality control pipeline we are confident that the trends we observe are reflective of 468 true biological signal. Regardless of cause, this excess of short fragments in chimpanzees leads 469 to a decrease in our ability to differentiate between open and closed chromatin in chimpanzees 470 relative to humans, especially at small scales, and consequently to a loss of power to detect binding in chimpanzees relative to humans. What appears to be a human-unique event is likely to 472 be actually conserved between the two species. For the same reason, those chimpanzee-unique 473 accessibility events we do observe are likely to be true positives. 474
We considered subsampling the chimpanzee data to match the average human fragment 475 distribution, but given both our uncertainty as to the cause of this difference and the relatively 476 low number of reads that are retained given our exhaustive QC strategy, we reasoned that it was 477 more likely to lead to an overall loss, rather than a gain, in power to detect differences. 478 479
Characterising activity near transcription start sites 480
To examine patterns of activity near transcription start sites, we began by defining a set 481 of highly orthologous meta-exons between human and chimpanzee as in [21], using Ensemblv75 482 (February 2014; code and documentation for meta-exon identification is available at 483
[http://www.bitbucket.org/ee_reh_neh/orthoexon]; [73] ). This data set contains at least 1 484 orthologous meta-exon associated with 40,075 human genes. We then defined the 5'-most 485 position of the first meta-exon of each gene (adjusted for strand direction) as its orthologous 486 transcription start site (orthologous TSS), and computed the number of high-quality orthologous 487 100bp windows (defined above) that fell within a 2kb window centred on the orthologous TSS. 488
We retained only those regions with > 50% overlap, which yielded a set of 28,238 orthologous 489
TSSs. As an additional filtering step, we discarded 7,493 orthologous TSSs that did not span the 490 annotated human TSS for the relevant gene according to Ensembl 75 GENCODE Basic [74] 491 annotations (when multiple GENCODE Basic transcripts were associated with a single gene, we 492 used the average location of all TSS). In total, we retained 20,745 orthologous TSSs. 493
In parallel, we defined a set of randomly selected 2kb orthologous background regions 494 matched to the orthologous TSSs for broad mappability, additionally requiring that they be at 495 least 5kb away from any annotated orthologous TSS. To identify regions with read depths 496 suggestive of activity above the background cutting rate, we used k-means clustering to group 497 the orthologous TSS data into three clusters on the basis of mean CPM by species. We set k = 3 498 rather than 2 to capture the long left tail of the distribution, which is readily visible in figure 1a . 499 500
Differential expression and accessibility analyses 501
For consistency with our set of defined orthologous TSS we reanalysed previously 502 published RNA-sequencing data from these cell lines using our updated set of orthologous 503 exons. Analyses were performed using the same analysis script as previously [44] ; overall we 504 find 4,244 differentially expressed genes out of 12,674 testable genes, and high concordance 505
between the old and new results (ρ= 0.89; past results included an additional human and 506 chimpanzee individual). We intersected the expression data with our set of high-quality 507 orthologous TSSs, and found a total of 5,675 genes with evidence for having an accessible 508 orthologous TSS in at least one species -although the majority, 4,644, were accessible in both 509 species. Of those regions seen only in one species, 873 are humans-unique, and 158 chimpanzee-510 unique. We tested the highly accessible regions for significant interspecies differences with 511 limma [75] and the same steps that we used to test for differential expression. Given the partially 512 confounded covariate structure, we considered four different models: 513 To identify the best model, we computed the AIC for each gene under each model, and found 518 that models 1 and 3 were associated with the lowest AIC in roughly the same number of genes 519 (1765 for model 1, 1909 for model 3), suggesting an overall greater suitability to the data. Given 520 this result, we performed differential accessibility testing using model 3. However, we note that 521 all four sets of results are qualitatively similar (supplementary figure 6) . 522
523
Estimating transcription factor binding with msCentipede 524
In order to determine a set of suitable PWM genomics matches to consider for analysis, 525
we downloaded all 640 PWMs in version 10 of the HOCOMOCO database [54]. To ensure fair 526 comparisons between human and chimpanzee data, we scanned both genomes for matches to 527 each PWM, retaining any site with a PWM score >= 7. The adoption of this permissively low 528 threshold was motivated by our desire to capture turnover at the PWM site between the two 529 species. We then used liftOver [67] to ensure that identified human PWM matches were also 530 present in the chimpanzee genome, and could be lifted over back to their original location in the 531 human genome. We then used the k-mer mappability data described above to ensure that at least 532 80% of the 50-mers originating ± 100bp around the PWM site were uniquely mapping in both 533 species. Finally, we excluded all PWMs associated with transcriptions factors that were either 534 not present or not expressed in at least half of the individuals from one species according to our 535 RNA-seq data, with the exception of master pluripotency regulators OCT4 and NANOG, where 536 we confirmed expression through qPCR These two genes cannot be reliably assayed through 537 RNA-seq due to the existence of closely related pseudogenes that confound mapping. We also 538 included the REX1 (also known as ZFP42) PWM from HOCOMOCO v11, as we had previously 539 identified it as the sole master regulator of pluripotency that was differentially expressed 540 between the two species. After all of these filtering steps, we retained 133,103,977 possible 541 PWM sites across 306 TFs, 906,612 of which had a PWM score >= 12 in at least one species. As such, we conservatively chose to call a site bound in a species if the log posterior odds were ≥ 549 log (0.99/0.01) at that particular site, and unbound if they fell below that threshold. However, we 550 note that our results are qualitatively robust to lowering this threshold to log (0.95/0.05) in 551 chimpanzees to account for the decreased power in that species, resulting in an increase in the 552 mean fraction of bound sites in chimpanzee, to 12.1%, a slight decrease in the fraction of sites 553 called as bound in chimpanzee that are also bound in human, to 77.1%, and overall corroboration 554 of our findings. 555
Additionally, HOCOMOCO summarises the quality and predictive value of PWMs using 556 a simple A-B-C-D quality score, which is assigned to each PWM on the basis of receiver 557 operating curve analyses [54] . Nearly half of the PWMs in the dataset (n = 133) have been 558 assigned to class D, suggesting they might be information-poor and only capture a small subset 559 of binding activity. This reflects broader observations that TFs can vary dramatically in their 560 degree of preference for specific binding motifs [76] . We do find that the fraction of MPBS 561 predicted to be bound does vary across PWM qualities, but only when we consider binding wide, 0.03 within 5kb of annotated orthologous TSS). In both of these cases, the significance is 564 driven by differences between class A and D PWMs, but its overall impact appears relatively 565 minor (supplementary figure 8). In light of these findings, we retained all PWMs for downstream 566 analyses. 567
All analyses were performed using R 3. 
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